Cytotoxic T lymphocytes (CTLs) are the most powerful weapon of the immune system to eliminate cells infected by intracellular parasites or tumors. However, very often, escape mechanisms overcome CTL immune surveillance by impairing the classical HLA class I antigen-processing pathway. Here, we describe a strategy for CTL activation based on the ability of Tat to mediate transcellular delivery of viral proteins encompassing HLA class I-restricted epitopes. In this system, the recombinant protein TAT-NpFlu containing the transduction domain of Tat of human immunodeficiency virus type 1 fused to the amino acid region 301 to 498 of the nucleoprotein of influenza A virus is proven to sensitize different human cells to lysis by HLA-B27-restricted, Flu 383-391-specific CTL lines. The fusion protein is processed very effectively, since a comparable biological effect is obtained with an amount of protein between 1 and 2 orders of magnitude lower than that of the synthetic peptide. Interestingly, while part of TAT-NpFlu undergoes fast and productive cleavage, a large amount of it remains intact for up to 24 h. Confocal microscopy shows that TAT-NpFlu accumulates in the trans-Golgi network (TGN), where it starts to be detectable 1 h after transduction. Using TAT-NpFlu mutants and hybrid constructs, we demonstrate that enrichment in the TGN occurs only when the carboxy-terminal region of NpFlu (amino acids 400 to 498) is present. These data disclose an unconventional route for presentation of epitopes restricted for HLA class I molecules.
Cytotoxic T lymphocytes (CTLs) are key cells in immune defense against virus-infected or -transformed cells. However, very often, escape mechanisms overcome CTL immune surveillance by impairing the classical HLA class I antigen-processing pathway (10, 15) . There is therefore a great interest in identifying novel routes for presentation on HLA class I molecules to be targeted for immunotherapy.
For a long time it was believed that the strict division of HLA class I and class II processing was necessary to identify different physiological responses of the immune system to endogenous (HLA class I) or internalized (HLA class II) proteins. However, although exogenous proteins are normally excluded from presentation by HLA class I molecules, exceptions to this rule have been described in the last 10 years that indicate the possibility, in given circumstances, of engagement and presentation of exogenous antigens on HLA class I molecules either in vivo or in vitro (16, 26) . In this respect, the immunological meaning of exogenous and endogenous processing should be reevaluated, since several examples of CTLs primed in vivo by proteins present in extracellular fluids have been provided previously (27) , and a different pathway for exogenous proteins could be a possible explanation. Moreover, this pathway could be the initiating step for CTL activation in antitumoral immunity and, eventually, parasite infections through cross-priming. Two mechanisms have been suggested to explain exogenous peptide loading on HLA class I molecules: the first one links to the classical HLA class I pathway via TAP-endoplasmic reticulum-Golgi, and the second proposes cleavage and encounter with HLA class I molecules in the endosomes (1, 14, 23) .
Many reports have described the potentiality of Tat of HIV-1 as a vehicle to introduce macromolecules inside cells (18, 29, 39, 40) , and several groups have recently used protein transduction domains to successfully treat subclinical models of human diseases (3, 6, 9) . Here, we characterize a novel pathway that leads to an efficient production and presentation of HLA class I epitopes. Our strategy is based on the use of a recombinant protein (TAT-NpFlu) in which the nucleoprotein of influenza A virus (amino acids [aa] 301 to 498), containing the HLA-B*2705-restricted, immunodominant epitope Flu 383-391, was fused to the protein transduction domain of Tat. We show here that this chimeric protein crosses cell membranes and accumulates inside trans-Golgi network (TGN) vesicles, where it is likely to represent a readily available source of antigen for HLA class I-mediated presentation to specific cytotoxic T lymphocytes.
MATERIALS AND METHODS
Cloning and sequencing. To produce genetic in-frame Tat fusion proteins, DNA sequences encoding viral proteins were inserted into the expression vector pTAT-HA (21) . In this vector, the ATG start codon is followed by a six-His tag, the Tat protein transduction domain (YGRKKRRQRRR) flanked by glycine residues, a hemagglutinin (HA) tag, and a multicloning site.
The cDNAs encoding for the nucleoprotein of influenza A virus (NpFlu) and for Ebna3C of Epstein-Barr virus were used as a template to amplify the DNA sequence coding for the amino acid region 301 to 498 of NpFlu and for the amino acid region 204 to 396 of Ebna3C. The following specific primers containing the KpnI (forward primer) and the EcoRI (reverse primer) sites (underlined) were used for PCR amplification: NpFlu forward (5Ј-CGGGGTACCATAGACCCT TTCAAACTACTT-3Ј), NpFlu reverse (5Ј-CCGGAATTCACATTGTCGTACT CTTCTGCATT-3Ј), Ebna3C forward (5Ј-CGGGGTACCACTATGTTAACTG CCACATTTG-3Ј), and Ebna3C reverse (5Ј-CCGGAATTCATATTGGGATC GATATATGG-3Ј). After double digestion with KpnI/EcoRI and purification from an agarose gel, PCR fragments were inserted into pTAT-HA vector. To generate the mutated TAT-NpGS/RGend and TAT-EbnaRSend constructs, a restriction site for XhoI was inserted immediately upstream of the Flu383-391 epitope in TAT-NPFlu vector. Afterward, this construct was double digested with XhoI and Eco0109I located downstream of the epitope (partial digestion), and the mutated sequences (approximately 80 bp) were inserted instead of NpFlu wild-type (wt) sequence. The mutated sequences have been amplified with the following primers, adding XhoI and Eco0109I restriction enzyme sites at the N and C termini, respectively: NPGS/RGend forward (5Ј-AGTACTCGAGAACTGGGAAGCA GG-3Ј), NPGS/RSend reverse (5Ј-CGGAGGCCCTCTGTTGATTAGTGTTTC CTCCACCCCTGG-3Ј), Ebna RS forward (5Ј-AGTACTCGAGAACGGTCCC GAAGAATCTATGATTTGATA-3Ј), and Ebna RS reverse (5Ј-CGGAGGCC CTCAGAGAGCTACGCAGTTCTATCAAATCATA-3Ј).
The truncated mutants TATNpGS/RG and TATEbnaRS were obtained from TAT-NpGS/RGend and TAT-EbnaRSend by deleting the C-terminal region of 98 aa (end) through digestion with Eco0109I and religation. TAT-Npshort was obtained by the same procedure starting from TAT-NpFlu. The sequence of all recombinant constructs has been confirmed by using a BigDye Terminator cycle sequencing kit (Applied Biosystems) and an ABI 377 DNA sequencer (Applied Biosystems).
Production, purification, and detection of Tat fusion proteins. Tat fusion proteins have been produced according to Nagahara et al. (21) . The engineered pTAT-HA vectors were used to transform the highly expressing bacterial strain BL21(DE3)pLysS, and different isolates were inoculated overnight in LB/Amp. The following day, 1 liter of LB/Amp was inoculated with overnight cultures and grown for 10 h in presence of 100 M IPTG (isopropyl-␤-D-thiogalactopyranoside). To purify the Tat recombinant proteins, Ni-nitrilotriacetic acid (Ni-NTA) resin has been used according to the protocol provided by QIAGEN. After 24 h of dialysis with 1ϫ phosphate-buffered saline (PBS), the samples were concentrated with an Ultrafree-CL 10 or 30 system (Millipore). The proteins were loaded on a gel for 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and detected by Coomassie blue staining. For Western blotting analysis, after SDS-PAGE, the samples were transferred to nitrocellulose filter and marked with mouse monoclonal immunoglobulin G (IgG) anti-HA (probe F7; Santa Cruz) diluted 1:200 in 1ϫ PBS-0.1% Tween 20-5% dry milk for 1 h. The goat anti-mouse IgG conjugated to horseradish peroxidase (Pierce) was diluted 1:8 ϫ 10 4 as suggested. Synthetic peptides. The synthetic peptides SRYWAIRTR (Flu 383-391) and RRIYDLIEL (Ebna3C 258-266) were prepared using 9-fluorenylmethyoxy carbonyl chemistry. The purity of peptides was always higher than 90%, as estimated by high-pressure liquid chromatography analysis. Peptides were dissolved in dimethyl sulfoxide. Concentrations were assayed by bicinchoninic acid assay (Pierce).
Generation of CTL lines. Four HLA-B*2705 (Bar, Cuc, Pet, and Pun)-positive donors and one HLA-B*2702 (F9)-positive donor were bled after giving their informed consent. Analysis of the HLA-B27 subtype was performed using an HLA-B27 high-resolution kit (Dynal). Peripheral blood mononuclear cells (PBMCs) from these subjects were isolated on a gradient of Lymphoprep and incubated with Flu 383-391 or with Ebna3C 258-266 (7.5 M) or in medium alone and screened by use of a gamma interferon enzyme-linked immunospot assay to identify the responders (7). To generate Flu-specific CTL lines, cell suspensions from gamma interferon enzyme-linked immunospot assay-positive wells were recovered and stimulated with antigen-pulsed, ␥-irradiated autologous PBMCs and cultured in RPMI 1640 supplemented with 10% heat-inactivated human serum, 2 mM L-glutamine, 100 U/ml penicillin, 100 g/ml streptomycin, and 20 U/ml of human recombinant interleukin-2 (rIL-2) (Roche Applied Science). The phenotype of the T-cell suspension was characterized by indirect immunofluorescence using OKT4 and OKT8 monoclonal antibodies (MAbs) and analyzed with a FACSCaliber instrument (Becton Dickinson). T cells were totally CD8 positive. To obtain CD8 ϩ CTL lines specific for Ebna3C 258-266 from donor F9, PBMCs were stimulated with autologous mature dendritic cells (DCs) and cultured in 10% human serum-RPMI medium with 20 U/ml of human rIL-2. DCs were differentiated from monocyte cells isolated from PBMCs by use of Macs Microbeads CD14 ϩ (Mylteni) and maintained in heat-inactivated 10% fetal calf serum (FCS)-RPMI medium supplemented with 20 ng/ml human recombinant granulocyte-macrophage colony-stimulating factor and 2 ng/ml IL-4 (Eurobio). For maturation, DCs were treated with 100 ng/ml of lipopolysaccharide (Sigma).
Cell lines. The following cell lines have been used in this study: Epstein-Barr virus-transformed B-lymphoblastoid cell lines (B-LCLs), TAP-deficient T2 cells, and HeLa and HT29 cells, all stably transfected with cDNA encoding B*2705. B-LCLs and T2 and HT29 cells were cultured in 10% FCS-RPMI medium and HeLa cells in 10% FCS-Dulbecco's minimal essential medium. All B*2705 transfectants were maintained in medium containing hygromycin B (200 g/ml).
Detection of Tat recombinant proteins. To detect the fusion proteins inside the transduced B-LCLs or HeLa B*2705, 1 ϫ 10 5 cells were incubated for from 30 min to 24 h with Tat recombinant proteins (1.4 M), washed extensively with 1ϫ PBS, and lysed in 50 l of loading buffer (100 mM Tris, 200 mM dithiothreitol, 4% SDS, 20% glycerol) for 15 min at 100°C. Each sample was then subjected to electrophoresis on a 12% SDS-PAGE gel and analyzed by Western blotting using the anti-HA MAb.
Cytotoxicity assays. The cytotoxic activity of T-cell lines was assessed according to the standard 51 Cr release assay. CTL were mixed in 96-well U-bottom plates with 51 Cr-labeled target cells for 4 h at 37°C. The effector/target cell ratio was always 20:1. Target cells had been previously incubated overnight (or for 2 h in the case of inhibition assays) with Flu 383-391 (30 M) or Tat fusion proteins (0.1 M when not differently indicated). At 1 h before adding the synthetic peptide or the recombinant proteins, brefeldin A (Sigma) was supplied to target cells at 36 M and it was constantly present at 11 M during testing (24) .
In cell membrane blocking experiments, target cells were fixed with 0.05% glutaraldehyde (Sigma) for 45 s at room temperature and washed with 0.2 M lysine. For HLA-B27 inhibition studies, MAb ME1 (6 g/ml) was added to peptide-pulsed or Tat-transduced 51 Cr-labeled target cells 1 h prior to mixing with effector T cells. . HLA class I molecules were stained using W6/32-FITC (Sigma) (1:50 in PBS). Specific markers for early (Transferrin-Texas red; Molecular Probes) and late (Lysotracker red; Molecular Probes) endosomes were added to culture medium 10 min and 30 min, respectively, prior to fixation. Rabbit anti-furin polyclonal serum has been kindly provided by Wolfgang Garten (Philipps-Universität Marburg, Germany) (28) . Colocalization of fluorescence signals was evaluated by use of confocal vertical (x and z) sections (interval, 0.5 m) and a Zeiss confocal laser scan microscope (Zeiss, Oberkochen, Germany). The multitrack function has been used to prevent cross-talk between the two signals. Quantitative analysis of the extent of colocalization was performed using a Zeiss KS 300 3.0 image processing system: 50 cells for each condition, randomly taken from three independent experiments, were analyzed. Data are expressed as mean percentage Ϯ standard deviation of colocalization.
RESULTS

TAT-NpFlu fusion protein is correctly processed by cell lines of different origins.
To produce a genetic in-frame Tat fusion protein, we used the bacterial expression vector pTAT-HA (21, 37) , in which we cloned the cDNA encoding the amino acidic region 301 to 498 of the nucleoprotein of influenza A virus (NpFlu). This region contains the immunodominant epitope Flu 383-391 (SRYWAIRTR), which is restricted for HLA-B*2705 molecules. The recombinant protein TAT-NpFlu was produced in the BL21(DE3)pLysS bacterial strain and purified by affinity chromatography using the Ni-NTA resin to which the six-His tag is bound. Fig. 1A shows SDS-PAGE results for the purified protein and Western blotting results obtained using the antibody anti-HA that confirmed the predicted molecular mass of 37 kDa (lanes 6 to 9). This recombinant protein was firstly employed to transduce B-lymphoblastoid cell lines. The protein TAT-NpFlu was processed in short time; 1 h of incubation prior to testing was enough to sensitize target cells to an efficient lysis (Fig. 1C) . It must, however, be considered that the test proceeds for 4 h, during which processing and expression of HLA class I-peptide complexes may still proceed.
To assure the involvement of HLA-B27 molecules in the presentation of the immunogenic epitope derived from TATNpFlu, we used an antibody (ME1) specific for HLA-B27, routinely employed in our laboratory to assay the HLA-B27 restriction since it inhibits the recognition of the complex HLA-B27/Flu by T-cell receptor (5) . As shown in Fig. 1D , ME1 antibody was able to block the presentation of the epitope derived from either intracellular processing (TATNpFlu) or external binding (synthetic peptide Flu). To formally demonstrate the strict requirement of TAT-NpFlu to enter the target cells to be correctly processed, the fluidity of cell membrane was blocked using 0.05% glutaraldehyde, and subsequently a cytotoxicity assay was performed. As shown in Fig. 2A , glutaraldehyde only prevented the presentation of the epitope derived from TAT-NpFlu, whereas it did not affect presentation of the synthetic peptide Flu 383-391.
The kinetics of entry of TAT-NpFlu was assessed in B-LCL Bar transduced with the recombinant protein, harvested and lysed at different times, and loaded on an SDS-polyacrylamide gel (Fig. 2B) . Western blot analysis indicated that TAT-NpFlu is detectable as early as 30 min and that it is not completely degraded until 24 h. As expected, treatment with glutaraldehyde prevented the entry of the recombinant protein and therefore the presentation of the epitope (lane 5, hybridoma cells derived from a fusion of B and T lymphocytes with a deletion in the HLA region, therefore lacking components of the antigen presentation machinery, among which are peptide transporters (Tap) (22) . Fig. 3 shows that all B*2705-transfected cells are equally sensitized to lysis by nucleoprotein (NP)-Flu-specific CTL lines after TAT-NpFlu protein transduction, indicating that they are all equipped with components necessary for epitope processing and that TAP molecules are not required for this processing route. Processing of TAT-Ebna3C and mutagenesis of TAT-NpFlu. To test the versatility of our system, other Tat chimeric proteins such as the fusion protein TAT-Ebna3C including the amino acid region 204 to 396 of Ebna-3C from Epstein-Barr virus encompassing the HLA-B27-restricted epitope 258-266 (RRIYDLIEL) were produced. The protein was isolated and purified as described above for TAT-NpFlu. Neither B-LCLs nor HeLa B*2705 transduced with ϳ0.05 M or ϳ0.1 M TAT-Ebna3C for one night were able to cleave and present the epitope. We also produced dendritic cells from an HLA-B*2705 donor, but even these cells transduced with TATNpFlu did not perform any better, although they were good targets for EBNA3C-specific CTL lines (lines F9-8 and F9-2) when pulsed with the synthetic peptide (Fig. 4A) . This failure was not due to defects in the entry of this protein inside the cells; indeed, the transduced protein was detectable after 90 min, reaching a maximum concentration after 4 h (Fig. 4B) .
To investigate why the recombinant protein TAT-NpFlu was productively processed while TAT-Ebna3C was not, we changed the two twin sequences Arg/Ser flanking the epitope Flu 383-391 (Fig. 5A) on the supposition that they could be the target motif for a protease releasing the epitope Flu 383-391. Therefore, the Arg 382 and the Ser 392 were both mutated to Gly to create the protein TAT-NpGS/RGend (Fig. 5A ). This protein was processed by HeLa B*2705 cells with the same efficiency as the wt (TAT-NpFlu), as shown by the results of the 51 Cr release assay presented in Fig. 5B . Therefore, these data excluded the involvement of a putative protease, recognizing the Arg/Ser sequence, as responsible for the correct processing of the protein TAT-NpFlu. Starting from this chimeric protein, we made a deletion mutant by taking away the C terminus to generate the truncated protein (TAT-NpGS/RG; 24 kDa) spanning aa 301 to 400 (Fig. 5A) . Target cells transduced with TAT-NpGS/RG were not lysed by Flu-specific CTLs (Fig. 5B ) even when the deletion mutant protein was supplied at higher doses (data not shown). However, this truncated form, the only one among the TAT-NpFlu chimeras not productively cleaved, does transduce cells and, like TAT-NpFlu wt (Fig. 2B) , reaches the highest concentration after 90 min (Fig. 5C) . These experiments demonstrated that the presence of the C-terminal region of these TAT-NpFlu constructs is an essential requisite for a correct release of the Flu 383-391 epitope. To further support these data, we created hybrid constructs between NpFlu and Ebna3C. In particular, we replaced the sequence of the Flu 383-391 epitope with that of Ebna3C 258-266 in the context of the protein TAT-NpFlu, and from this hybrid we produced both the long and the C-terminal deletion forms (TAT-EbnaRSend and TAT-EbnaRS, respectively; see Fig.  5D ). The ability of target cells to correctly process these proteins and to present the epitope Ebna3C 258-266 was tested in a standard cytotoxicity assay. The results presented in Fig. 5E confirm the requirement of the C-terminal end, since among the three constructs, TAT-Ebna3C and the two hybrid forms, TAT-EbnaRS and TAT-EbnaRSend, only the last was able to trigger the effector functions of a Ebna3C 258-266-specific CTL line.
Confocal microscopy analysis. The intracellular localization of TAT-NpFlu was assessed in HeLa B*2705 cells. To enter the cell, Tat must first bind, on the cell surface, to anionic charges like heparin sulfate proteoglycans (34) and then flip inside the cell. Accordingly, treatment of cells with heparin (50 g/ml) 1 h prior addition of TAT-NpFlu completely prevented TAT-NpFlu cell entry (data not shown). To identify the intracellular compartments where the TAT-NpFlu protein was localized, HeLa B*2705 cells were treated with the fusion protein and assayed at different times from 15 min to 3 h. However, at the 15-min and 30-min time points we were not able to trace the protein inside the cells, which is consistent with the biochemical data previously shown (Fig. 2B) . Therefore, all confocal microscopy studies were performed in cells incubated with TAT-NpFlu for 1 h up to 3 h, which gave the same results. Fig. 6 and 7 present the results for the time point at 2 h for each experiment. We used transferrin as a marker for the early endosomes and Lyso Tracker for the late endosomes, and the lysosomes were added 10 min and 30 min, respectively, before fixing the cells. In both cases, the protein TAT-NpFlu did not colocalize with these markers at up to 3 h (Fig. 6A and  B) . Likewise, the chimeric TAT protein did not colocalize with the tetraspanin CD63, a marker for multivesicular bodies and lysosomes (Fig. 6C) . Analysis of the caveolae (␣-Cav-1; Fig.  6D ) and of the cis and medium Golgi (␣-Giantin; Fig. 6E ) shows that TAT-NpFlu was not detectable inside these compartments. A widespread colocalization of the recombinant protein was found with the protease furin (Fig. 7) . This protease, a human subtilisin-related proprotein convertase, has ubiquitous cell expression, with a net prevalence in the TGN (32) .
The experiment was then repeated with the other constructs. Fig. 7 shows the merging of the furin with these chimeric proteins. Clearly, functional data correlate with the localization of the proteins: only those constructs possessing the C terminus (TAT-Np-Flu; TAT-GS/RG-end; TAT-EbnaRSend) accumulate in the TGN, whereas for the others (TAT-GS/RG; TAT-EbnaRS; TAT-NpShort) no colocalization was detectable. TAT-EBNA3C, which was not productively processed, was present in the TGN, although at a lower amount (21.42 Ϯ 5.5%, P Ͻ 0.001, versus 74.13 Ϯ 5.3%, P Ͻ 0.001, for TAT-NpFlu). As expected, a clear colocalization was also found with W6/32 monoclonal antibody, which recognizes HLA class I molecules (25) .
Brefeldin A inhibits epitope presentation. Since the TATNpFlu protein seems to accumulate in the TGN, where it is likely to encounter the HLA class I molecules, we asked whether this process could be inhibited by brefeldin A, which has been reported to be a very potent Golgi disassembler: it disrupts the egress of immune complexes from the endoplasmic reticulum to the Golgi, preventing access to the plasma membrane and thus inhibiting HLA class I-mediated presentation (30) . Interestingly, the processing of TAT-NpFlu was highly inhibited by the use of this drug in B-LCLs and HT29B*2705 (inhibition ranging from 40% to 75%), whereas in HeLa cells expressing B*2705, processing was not affected (Fig. 8) even at higher doses (72 M instead of 36 M; data not shown). These data suggest that the epitope NP-Flu 383-391, derived from the processing of the chimeric protein in lymphocytes and epithelial cells, is mainly loaded on de novosynthesized HLA molecules. The lack of inhibition by brefeldin A in HeLa cells suggests, however, that recycling HLA class I molecules can also take part in this process. 
DISCUSSION
In this paper we describe an unconventional cellular route followed by proteins containing HLA class I-restricted epitopes by use of the Tat transduction domain and containing the C terminus of the nucleoprotein of influenza A virus. These proteins are transported into furin-rich TGN vesicles, where the epitope is presumably cleaved and encounters the HLA class I molecules. Although this pathway is artificially induced, it has a natural counterpart since the sequence that makes this process highly effective derives from a viral protein, the nucleoprotein of influenza A virus, which, however, has been depleted of the major nuclear localization signal (4), thus probably subverting or forcing its intracellular trafficking. Accordingly, the contribution of this pathway to the immunological response against this specific immunodominant epitope during a viral infection cannot be assessed here. We demonstrate, however, that the exogenously introduced nucleoprotein can be processed and that epitopes from its own or other protein sequences, which are not processed this way in their natural context, could be successfully presented to the immune system.
The use of the Tat transduction domain allows the introduction of the exogenous proteins in a very efficient way. In particular, a chimeric protein, TAT-NpFlu, in which a region of the C terminus of the nucleoprotein of influenza A virus (aa 301 to 498), containing the HLA B*2705-restricted epitope Flu 383-391 (SRYWAIRTR) has been fused with the transduction domain of TAT, turns out to be an excellent activator for specific CTLs. Interestingly, CTLs are able to lyse the transduced cells as early as few hours after protein entry, suggesting that the chimeric protein is processed very effectively. An apparent contradiction is the fact that this same protein is stored within the cell for at least 24 h. In agreement with our findings, others have reported the presence of TAT-transduced proteins inside the cells as long as for 20 h (8) . These data may be explained by considering that few HLA-peptide complexes need to be engaged by T-cell receptors to trigger cytolysis and that they may be stable for several hours (35, 36) . Therefore, it is possible that the amount of the protein which is processed is little in any case, either because part of the protein forms aggregates that hampers the cleavage or because of a low efficiency of the specific proteases. Nevertheless, the protein stored in the TGN could represent a reservoir of antigen that can be processed through time. In any case, the transduced protein was by no means toxic (cells were healthy and duplicated regularly).
The entrance of the protein requires a fluid membrane, as shown by the inhibition induced by treatment with glutaraldehyde, ruling out the possibility that the epitope is generated by serum proteases. Interestingly, HeLa and HT29 tumor cells transfected with HLA-B*2705 were as competent as HLA-B27-positive B-LCL to process the recombinant TAT protein, showing that cells of different origin are equipped with the proteases necessary for antigen trimming through this route. The process is inhibited by brefeldin A at least in B-LCL and HT29 but not in HeLa cells. This may indicate that the first two cell lines make use of nascent rather than recycling HLA class I molecules to present the epitope whereas HeLa cells do the opposite. HeLa cells are highly selected tumor cells which may have some defects in HLA class I trafficking. In this context, a recent report has shown that HeLa cells are refractory to the Nef-mediated disruption of HLA transport to the cell surface of newly synthesized HLA class I molecules but not of the recycling molecules (17) . It is therefore conceivable that epitope presentation by HeLa cells is mainly dependent on recycling of HLA class I molecules. These molecules, either de novo synthesized or internalized from cell membrane, are supposed to gain access to the TGN already complexed with peptides: therefore, the efficiency of presentation may depend on the extent to which lower-affinity peptides can be replaced by Flu epitope (20) . Imaging experiments indicate that after 1 h TAT-NpFlu accumulates in the TGN. Before this time, we were not able to detect the protein inside the cells; therefore, we do not know whether the protein gains access to the TGN after trafficking through the endosomes or other vesicles or directly from the cytoplasm. In the TGN the epitope is likely to be released from the protein by unknown specific enzymes. Interestingly, a recent work exploiting a Tat transducing system to introduce multiple epitopes inside target cells has shown that a more efficient processing was obtained when furin-sensitive linkers were introduced in the region flanking the epitopes (19) . Therefore, as probably in our case, antigen trimming occurs in the TGN where furin is mainly resident (11, 12, 33) . However, Flu epitope is not surrounded by furin consensus motifs; therefore, a direct role of this enzyme can be excluded even though an indirect action, i.e., activating the proper enzyme, is still possible.
A leading role in this process appears to be played by the C terminus of the NP, certainly in the localization of the protein in the TGN, since those constructs lacking the C terminus do not colocalize with furin although entering the cell. TAT-EBNA3C which enters the cell appears to be present in TGN in a smaller amount compared with TAT-NpFlu; however, it is not processed, even when target cells are incubated overnight. The EBNA3C epitope becomes readily available for CTL recognition when inserted into the context of the nucleoprotein, thus suggesting the presence in the C terminus of sequences relevant for localization and/or processing by resident proteases. It has been already reported that the epitope 383-391 from the nucleoprotein of influenza A virus can be processed and presented in TAP-deficient cells (38) . Moreover, other epitopes carried by this protein appear to follow different routes for processing (13) . The delivery of internalized HLA class I molecules to the TGN is also well documented, and this route is targeted by some viral proteins to escape immune surveillance (2) . Therefore, our observations are in agreement with evidence that points to the TGN as a site of intense processing.
Published data have already underlined the potentiality of Tat as a vehicle for tumor-associated antigens and in vaccine design against tumors (31, 41) . Here, we provide an example of how an alternative delivery route may be exploited by fusing Tat transduction domain to the C terminus of the influenza virus nucleoprotein into which HLA class I immunodominant epitopes of other proteins can be inserted and processed. Although some details of this route, i.e., which proteases are responsible for the generation of the correct epitopes, still need to be elucidated, nevertheless, the system is highly efficient and specific, lending itself to exploitation in vaccines.
